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Abstract
Introduction: Several factors are cited as capable to influence 
the development of Temporomandibular Disorders (TMD), among 
them, the psychological, systemic, genetic, and occlusal factors. The 
curve of Spee is the factor directly related to the TMJ. However, the 
combination of variations in amplitude, and the presence of signs 
and symptoms of TMD have not been investigated. Objective: The 
aim of this study was to measure the curve of Spee in patients with 
TMD, through the use of study models, comparing these values 
with the different clinical and symptomatic presentations of such 
individuals. We evaluated 198 models of patients treated at the care 
service for patients with TMD at UFJF. The maximum depth of the 
curve was determined by the sum of the distances between the lowest 
part of the buccal cusp of the posterior teeth of each hemiarch to 
a reference plane, using a caliper to measure. The following factors 
were considered: gender, presence of myalgia (temporal, masseter, 
medial pterygoid, lateral and sternocleidomastoid muscles) and 
TMJ arthralgia, and the presence of occlusal interferences and 
parafunctional habit of bruxism. For statistical analysis, we used 
T-test and ANOVA test with a significance level of 5%. Conclusion: 
There was a statistically significant association between the presence 
of occlusal interferences and changes in the curve (p = 0.01). There 
was no association between the following factors: the presence of 
myalgia and/or arthralgia, gender, achievement of bruxism, and the 
type of TMD presented with changes in the Spee curve.
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Introduction 
Temporomandibular disorders (TMD) are 
presented as one of the chronic orofacial pain 
conditions faced by most dentists and other 
health professionals [7]. However, its multifactorial 
character and its heterogeneous forms [15] contribute 
to the diagnosis and treatment is still considered 
controversial issue among professionals [15]. 
Several factors are cited as capable to influence 
the disorder development. They are classified as 
initiators, predisposing and / or perpetuating 
[15, 19, 26]. Among the main factors are: the 
psychological [24] and systemic factors [24], 
individual pain symptomatology [24], genetic aspects 
[24] and parafunctional habits, as bruxism [24, 
26]. The role of occlusion in TMD development 
was discussed for long time; however, statistics 
association does not prove causality. Currently, it is 
believed that occlusal alterations cause TMD and not 
only related to its development [26]. Among them, 
the Spee curve is little valued and studied, and the 
literature lacks longitudinal correlation studies on 
the causal and/or consequent role of TMD. 
The Spee curve is a curve line at anterior-
posterior direction, determined by the tangency of 
the buccal cusp tips from molars to canine teeth. 
Normally, the Spee curve is concave, at the level of 
the mandibular teeth, and convex at the level of the 
maxillary teeth; the lowest point was the mesial-
buccal cusp of the mandibular first molar [8,20]. 
At the sagittal view, the Spee curve touches the 
area from the anterior surface of the mandibular 
condyles to the occlusal surface of the mandibular 
teeth [25]. Thus, the normal inclination is important 
because it provides greater free movements during 
the mandibular functional excursions [13, 14, 26], 
increases the masticatory effectiveness [1, 17, 20, 
21, 26], and accounts to compensate the condylar 
paths. Thus, the correct intercuspation is assured, 
avoiding premature contacts and the disclusion of 
the posterior teeth during the protrusion is enabled 
[1, 8, 9, 10, 20].
However, characteristics such as horizontal 
positioning of the mandibular condyle in relation 
to the occlusal plane [8, 9, 10], TMJ morphology [9, 
10], direction of the occlusal forces on the posterior 
teeth [9], less vestibularization of the incisors [5] 
and less arch circumference [5] may contribute 
to alter the Spee curve. Also, the Spee curve can 
be also altered with aging, mainly related to the 
greater condyle rotation, articular degeneration, 
and dental extrusions [8, 17].
In young individuals, most of the cases in 
which the Spee curve is excessively inclined, it is 
believed an association with marked overbite [2, 
10, 17, 20]. Concomitantly, flatten Spee curve due 
to orthodontic treatments results in prevalence 
of articular sounds [14] and TMJ pain [11]. 
Bruxism also challenges the dentists. Depending 
on the severity of the tooth weariness affects the 
periodontium, masticatory muscles, and TMJ [22]. 
Consequently, such alterations directly influence on 
the Spee curve [14], altering not only the inclination, 
but also developing occlusal interferences, no 
disclusion of the posterior teeth during protrusion, 
and increasing the pressure on the mandibular 
condyle [8, 9, 10, 20, 21]. 
It is worth highlighting that when the Spee 
curve was altered, the patients complained about 
TMJ function and the alteration in the Spee curve 
can be either cause or consequence [1]. Thus, the 
dentist should be aware of this sagittal compensation 
curve, avoiding its alteration, correcting if the Spee 
curve is altered. Accordingly, it is believed that it 
is possible to decrease the frequency of patients’ 
complaints [11] and preserve the anatomic and 
physiologic components of all stomatognathic system 
[8, 11, 13, 21]. 
This study aimed to measure the Spee curve 
in patients with TMD and compare the values 
with the presence of muscle and articular pain. 
Also, we verified a possible association between 
the curve alterations with the presence of occlusal 
interferences and bruxism. 
Material and methods 
This study was submitted and approved by the 
Institutional Review Board in relation to ethical 
aspects under protocol no. #511.434. 
This was a descriptive, observational, cross-
sectional study analyzing 198 files and study casts of 
individuals with TMD treated at the TMJ Service of 
the School of Dentistry of the Federal University of 
Juiz de Fora since 2004. Inclusion criteria comprised 
permanent dentition, not undergoing orthodontic 
treatment, not presenting tooth loss, presence of the 
file completely filled. The individuals not fulfilling 
these criteria were excluded from the study. 
The methodology of this study was divided 
into five stages: 
1st stage – Assessment of the muscle and 
articular pain 
The characteristics of pain were analyzed from 
the files, based on reports of arthralgia, and pain 
in muscles associated with TMJ. The following 
muscles were evaluated bilaterally: temporal, 
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masseter, medial pterygoid, lateral pterygoid, and 
sternocleidomastoid muscles. The muscle palpation 
was performed through small round movements 
performed with the forefinger and/or middle finger 
tips with pressure of 1 kg for extraoral muscles and 
0.5 kg for intraoral muscles, in which the patient 
reported the presence or absence of pain.
The presence of articular pain was verified by 
examining the lateral poles of this joint. The exam 
was performed bilaterally, with the forefinger and/or 
middle finger tips with pressure of 0.5 kg.
2nd stage – Clinical diagnosis of TMD 
The diagnosis of this disorder type is based 
on the clinical files of the patients, grouped 
according four diagnoses: I) muscle alterations, 
II) articular disc position alterations, III) TMJ 
algic and degenerative conditions, and IV) multiple 
diagnoses.
3rd stage – Evaluation of the presence of 
occlusal interferences 
The presence of occlusal alterations was executed 
by observing the lateral excursive movements (right 
and left) and protrusion.
4th stage – Assessment of bruxism 
parafunctional habit
The presence of centric and eccentric bruxism 
was also assessed through the files. The diagnosis 
of this parafunctional habit was based on the 
International Classification of Sleep Disorders 
(ICSD) [12], associated with clinical inspection and 
the patient’s self-report.
All aforementioned stages were performed by 
calibrated and trained examiners. 
5th stage – Measurement of Spee curve
Based on the analysis of study casts of the 
patients, the Spee curve deepness was measured. 
The study casts were obtained previously to TMD 
treatment, in dental plaster and sent to the same 
laboratory. The maximum deepness was determined 
by the sum of the distances between the lowest 
buccal cusp tip of the posterior teeth of each 
hemi-arch and the reference plane. This reference 
plane was obtained by supporting an acrylic plate 
on three points of the mandibular cast: the distal-
buccal cusps of the right and left second molars 
and the most evident incisal edges of the inferior 
central incisors. If a tooth prevented the contact of 
the acrylic plate with one of the points, the lower 
surface of the plate was worn until the three contact 
points were obtained [5, 6]. 
The distance between the acrylic plate and 
the lowest buccal cusp tips in each hemi-arch was 
then measured with the aid of a digital caliper 
(Kingtools® 150 mm, São Paulo/SP) placed on the 
acrylic plate, passing through a perforation (figures 
1 and 2). Because the caliper and the mandibular 
cast was in contact with the opposed surfaces of 
the acrylic plate, the thickness was subtracted (1.7 
mm) from the measurement found to obtain the 
cusp deepness [5, 6].
Figure 1 – Materials used to measure the Spee curve: 
patient’s study cast, digital caliper, and acrylic plate 
Figure 2 – Measurement of Spee curve by placing the 
acrylic plate on three points of the mandibular cast 
Descriptive statistics was used to describe the 
sample profile. The hypothesis of data normality was 
verified by Kolmogorov Smirnov test. To compare 
the values among the paired groups, Student t test 
was applied with level of significance of p<0.05 
and 95% confidence interval. ANOVA was used to 
compare data between two or among more groups. 
The calculations were performed through STATA 
11.0 software for Windows.
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Results
The sample was composed by 45 males (22.72%) and 153 females (77.27%). The Spee curve was 
analyzed by the sum of the right and left measurements. In females, the mean deepness was 3.95 
(±1.23mm), while in males the mean deepness was 4.27 (±1.62) mm (figure 3).
Figure 3 – Spee curve amplitude according to gender 
According to the muscle assessment, in the group 
with pain complaint, the mean values were 3.92 
(±1.33) mm for temporal muscle, 3.93 (±1.35) mm 
for masseter muscle, 3.95 (±1.36) mm for medial 
pterygoid muscle, 4.04 (±1.41) mm for lateral pterygoid 
muscle, and 4.12 (±1.44) mm for sternocleidomastoid 
muscle. Of these, 105 individuals (53.03%) showed 
pain on temporal muscle, 136 (68.68%) pain on 
the masseter muscle, 132 (66.66%) pain on medial 
pterygoid, 138 (69.69%) on lateral pterygoid, and 
97 (48.98%) pain on sternocleidomastoid muscle. 
In the group without muscle pain, the values were 
respectively of 4.07 (±1.41) mm (93 individuals; 
46.96%); 4.11 (±1.40) mm (31.31%); 4.04 (±1.36) 
mm (32.82%) 3.94 (±1.10) mm (29.29%), and 3.92 
(±1.21) mm (51,01%) (figure 4). 
Figure 4 – Amplitude of Spee curve in individuals with or without orofacial muscle pain 
 
Concerning to the evaluation of the presence or absence of arthralgia, 135 individuals (68.18%) 
complained about pain with Spee curve value of 4.00 (±1.37) mm, while 63 participants (31.81%) did 
not complain about arthralgia, with value of 4.6 (±1.26) mm (figure 5). 
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Figure 5 – Amplitude of the Spee curve in individuals with and without TMJ arthralgia 
The Spee curve deepness was still correlated with the clinical diagnosis group. In group I (muscle 
alterations), the value found was of 3.89 (±1.29) mm; in group II (alterations in articular disc position) 
was of 4.16 (±1.16) mm; in group III (algic and degenerative TMJ conditions) was of 3.85 (±0.97) mm. 
Because for one individual, multiple diagnoses can be performed, the Spee curve was also considered 
in these cases, with value of 4.09 (±1.51) mm (figure 6). 58 individuals comprised group I (29.29%), 25 
(12.62%) group II, 20 (10.10%) group III, and 95 (47.97%) showed more than one diagnosis.
                     
Figure 6 – Amplitude of Spee curve according to the TMD type 
When the excursive movements were analyzed, those showing any type of occlusal interference (120 
individuals; 60.60%) had a mean value of Spee curve of 3.82 (±1.25) mm, while those without occlusal 
interferences (78 individuals; 39.39%) had a mean value of 4.32 (±1.4) mm (figure 7).
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Figure 7 – Amplitude of Spee curve in individuals with or without occlusal interferences 
The presence of bruxism was also considered with a mean values of the Spee curve of 3.68 (±1.31) 
mm in those with centric bruxism, 3.47 (±0.33) mm in those with eccentric bruxism, and 3.64 (±0.3) 
mm in those without bruxism (figure 8). 30 individuals (15.15%) had centric bruxism, 9 had eccentric 
bruxism (4.5%) and 61 (30.80%) without bruxism. 
Figure 8 – Amplitude of the Spee curve comparing individuals with and without bruxism 
Data normality was verified by Kolmogorov Smirnov test. Then, Student t-test was applied to compare 
the values of paired groups with level of significance of 5% (table I). Anova was used to compare the 
data among more than two groups (table II). After the comparisons, considering the variations in the 
Spee curve, the presence of occlusal interferences was statistically significant (p=0.01). According to 
this study, the characteristics as pain symptoms, bruxism, and TMD type was not statistically capable 
of influencing the curve values. 
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Table I – Statistic evaluation through Student t-test 
VARIABLE p value Affected group Control group
Occlusal interferences 0.01** 3.82 ± 1.25 mm 4.32 ± 1.4 mm 
Gender 0.16 3.95 ± 1.23mm (females)4.17 ± 1.62 mm (males)
Arthralgia 0.79 4.00 ± 1.37 mm 4.6 ± 1.26 mm
Pain in temporal muscle 0.47 3.92 ± 1.33 mm 4.07 ± 1.41 mm
Pain in masseter muscle 0.39 3.93 ± 1.35 mm 4.11 ± 1.40 mm
Pain in medial pterygoid muscle 0.84 3.95 ± 1.36 mm 4.04 ± 1.36 mm
Pain in lateral pterygoid muscle 0.66 4.04 ± 1.41 mm 3.94 ± 1.10 mm
Pain in sternocleidomastoid muscle 0.26 4.12 ± 1.44 mm 3.92 ± 1.21 mm
Table II – Statistic evaluation through ANOVA 
VARIABLE p value Affected group Control group
Diagnosis groups 0.89
3,89 ± 1.29 mm (Group I)
4.16 ± 1.16 mm (Group II)
3.85 ± 0.97 mm (Group III)
Centric and/ or
eccentric
Bruxism
0.83 3.68 ± 1.31 mm (centric)3.47 ± 0.33 mm (eccentric) 3.64 (± 0.3) mm
Discussion
This study sample was selected according 
to normality criteria, aiming that no unfavorable 
anatomic, functional, or systemic factor influence 
on the results [14]. The participants should have 
permanent dentition, because only after the eruption 
of the permanent second molar the Spee curve 
is inclined and marked. In deciduous and mixed 
dentures, the occlusal plane is f lattened which 
was not the aim of this study [17]. Participants 
with tooth losses and those underwent orthodontic 
treatment were also excluded because these factors 
significantly alter the occlusal plane by flattening it 
[2, 8, 11, 12, 13]. Concerning the sample, this was 
determined by analyzing the files for a period of 10 
years. We considered a variation between the right 
and left curves of 0.1 mm, and α= 0.05 and β= 
0.85. It is worth highlighting that regardless of the 
statistically significant differences, we considered the 
results indicative of flattening or tendency towards 
steepness of the curve because the literature lacks 
a normal value.   
According with Kanavakisa and Mehtab [14] 
and Hernández et al. [11], when the Spee curve 
is flattened TMJ pain complain report is more 
prevalent. Corroborating such affirmation, in 
this present study, although without statistically 
significant differences, the individuals with TMJ 
arthralgia had more flattened Spee curves (4.00 ± 
1.37 mm) than those without TMJ pain complaint 
(4.6 ± 1.26 mm). Concomitantly, the Spee curve 
was f lattened in individuals who had pain in 
the following muscles at the beginning of TMD 
treatment: temporal (3.92 ± 1.33 mm), masseter 
(3.93 ± 1.35 mm), and medial pterygoid (3.95 ± 
1.36 mm). In the group of those without pain, the 
values of the Spee curve was, respectively: 4.07 ± 
1.41 mm; 4.11 ± 1.40 mm, and 4.04 ± 1.36 mm. 
The pain presence was considered when present 
in at least one of the sides. In contrast, during the 
palpation of the sternocleidomastoid and lateral 
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pterygoid, the Spee curve was increased in those 
reporting pain (4.04 ± 1.41 mm for lateral pterygoid 
muscle and 4.12 ± 1.44 mm for sternocleidomastoid 
muscle) than in those without pain (3.94 ± 1.10 
mm and 3.92 ± 1.21 mm, respectively).  
However, it is worth noting that measurement 
biases could have occurred during the palpation of 
such muscles [23]. The sternocleidomastoid muscle is 
close to the lymph nodes. If these lymph nodes were 
infarcted due to different processes (for example, viral 
infection), the individual would respond positively 
to palpation [23]. Similarly, the lateral pterygoid 
palpation is questioned because of the anatomic 
difficult for digital palpation of this muscle, which 
have many superimposed structures, generating a 
high number of false-positive cases [23]. 
Still according to the aforementioned study [11], 
the Spee curve is steep in males. In this present 
study, the females had more flattened curves (3.95 
± 1.23 mm) than males (4.27 ± 1.62 mm), 77.27% 
of the sample. Demonstrably, females had more 
TMD signs and symptoms and more prevalence of 
chronic pain [3, 19], which could be related to the 
variation of such occlusal curve. However, due to 
the lack of longitudinal studies evaluating the Spee 
curve, the greater prevalence of symptomatology 
in females should be understood not only as the 
consequence of alterations in the curve, but also 
as a possible cause, which causes many alterations 
in all stomatognathic system [26].
The presence of premature contacts may also 
act as predisposing factor for TMD and may be 
related to Spee curve alterations [8, 9, 10, 20, 21]. 
The influence of such interferences proved in this 
study (p=0.01), that is, individuals with any type of 
occlusal interference (3.82 (±1.25) mm) compared 
with the other group (4.32 (±1.4) mm). Thus, as in 
previous cited studies [8, 9, 10, 20, 21], it is believed 
that the tendency towards flattened of Spee curve 
may cause the development of occlusal interferences 
and these may act on triggering TMD [11, 14], 
because they are capable of affecting the blood 
flow in such joint, resulting in changes in articular 
joint and inducing nociceptive muscle responses 
associated with the peripheral sensitization. This 
sensitization may lead to the development of central 
sensitization that maintains the masticatory muscle 
hyperalgesia [27]. It is worth highlighting that the 
results of this study corroborates this information 
because the individuals who had myalgia and 
those who had occlusal interferences showed more 
flattened Spee curve, which reinforces the theory 
that this variables are related [14]. However, this 
is a cross-sectional study and it is not possible to 
affirm that the occlusal interferences accounted 
for TMD development or if occlusal interferences 
were a consequence. It is only possible to affirm 
their relationship. 
Notwithstanding, we highlighted that the factors 
capable of promoting considerable occlusal changes 
is bruxism [14, 22]. In this present study, the 
individuals with eccentric bruxism had decreased 
Spee curve (3.47 (±0.33) mm) compared with those 
with centric bruxism (3.68 (±1.31) mm) and those 
without bruxism (3.64 (±0.30) mm). This result is 
according to the literature because tooth weariness 
is one of the signs more frequently found in patients 
with eccentric bruxism [16-18]. Thus, despite of no 
statistically significant differences, the relationship 
of bruxism with the other aforementioned variables 
(occlusal interferences and orofacial pain report) 
should be taken into account by the dentists [14]. 
According with previous studies, Kanavakisa 
and Mehtab [14], Hernández et al. [11] and Fernandez 
et al. [10], it is believed that the steep Spee curve 
is related with condyles more anteriorly positioned; 
flatten Spee curve is related with more posterior 
condyles , which predisposes to the development 
anterior articular disc displacement and articular 
sounds [14]. However, the results of this study were 
different from this affirmation [13]. The Spee curve 
was more steep in those with alterations in the 
articular disc (4.01 (±0.97) mm), and more flattened 
in group I – muscles alterations (3;89 (±1.29) mm). 
The smallest value was in group III (3.85 (±0.97) 
mm). Thus, we believed that in this group possible 
degenerative processes act as triggering factors for 
flattening the curve, promoting the development 
of occlusal interferences and orofacial pain [8], 
and TMD – a painful, cyclic, and multifactorial 
process.
 
Conclusion
Based on the results, it can be suggested that 
the presence of occlusal interferences in patients 
with TMD acted as a factor capable of influencing 
the Spee curve. In contrast, no statistically 
significant differences were found by assessing the 
following characteristics: presence of myalgia and/or 
arthralgia, gender, bruxism, and TMD type. 
We highlight that the literature lacks studies 
on this area which made difficult to compare the 
values and to stablish a cause-effect relationship 
among factors. We suggest that further studies are 
necessary. 
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